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A reality for many fuel cell systems developers in the first decade in the current millennium 
has been the existence of very many successful prototype projects from a technical 
standpoint, but relatively few commercial fuel cell product introductions.  Apart from some 
beginnings of market volume breakthroughs in the portable fuel cell and specialized telecom 
back-up sectors, the same can be said about the stationary market growth.  The inhibitors to 
commercialization have been not any one factor, but many obstacles requiring hurdling on 
the way to meeting the market acceptance thresholds.  The list of necessary criteria to fulfill 
spans categories from performance and durability, to manufacturability, reliability and 
maintainability, to certification and safety, to cost. 
Over the past decade, one by one, many of the challenges have been solved, and one-by-
one, the barriers have been peeled away to a point now in 2010 one can argue, in a several 
early markets, there remains one barrier: price point.  In some markets it can be argued that 
there remain no barriers except social inertia. 
1 Durability and Stack Development 
At the beginning of the decade many PEM developers celebrated reaching 100’s of hours of 
operation, and by the middle of the decade, ambitious targets of 5 000 hours by 2010 
necessary for the personal automotive application were set.  Now in 2010 the automotive 
targets have been surpassed. 10 000 h is now a published expected lifetime by several stack 
manufacturers. 
In figure 1, the progress of the H2X 500 Series (500 cm2 nominal active area) stack is 
presented, showing more than 5-fold increase in power density per cell and a 500-fold 
increase in tested operation over the 10 year period.  Currently there are no major limitations 
yet encountered which would prevent further durability improvements into the future. 
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Figure 1: History of Hydrogenics FC Stack Development. 
In figure 2, the improvements in durability results of the stacks in test stands running duty 
cycles from real world applications shows very good improvements for the stacks running on 
humidified (saturated) input gases towards the 5 000 h target.  
 
Figure 2: H2X stack lifetime – humidified vs. non-humidified. 
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Removing the humidifying components and running dry on the anode and cathode inlets was 
initially decided for back-up applications with low required run-times, but improvements in the 
MEA’s allowed continued improvements, while simplifying the operational requirements of 
the stack resulting in a more simple and therefore cost-effective and reliable system.  10 000 
hours is now possible. 
 
Figure 3: Fuel cell system development – Hydrogenics HyPMTM Power Module. 
2 System Development 
On the system level, also dramatic improvements have been made over the last decade.  
Power densities have doubled, both by weight and by volume, while efficiencies have 
increased and system complexity has decreased, by eliminating major components, resulting 
on a more cost-effective, compact and more reliable system. 
In November 2002 the commercial product launch of the 10 kW fuel cell power module was 
announced, called the HyPM 10 and deliveries to customers commenced in 2003.  The 
concept was one module – many applications, but by 2005 it was clear that the model should 
be split in to two versions; a version for stationary rack-mount, optimized for backup-power 
applications, and a version for applications requiring maximum durability, especially mobile 
applications.  The XR (eXtended Run back-up) and HD (Heavy Duty, High Durability) family 
had been started.  The rated power was in creased from 10 kW to 12 kW, and in 2006 further 
power level sizes were introduced, followed by two compact mobile versions based on the 
compact 200 cm2 stack.  Following is the current line-up today in 2010 (Figures 4 and 5). 
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Figure 4: 2010 HyPMTM XR Stationary Power Module Family. 
 
Figure 5: 2010 HyPMTM HD Mobile Power Module Family. 
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3 Reliability 
Absolutely critical, besides durability is reliability.  The fuel cell system must start each any 
every time without fail.  Based on accelerated start-up/shutdown testing – the worst 
punishment for a PEM fuel cell – 6000 cycles were achieved, which means in practice 
essentially unlimited start-ups and shutdowns. 
 
Figure 6: Accelerated Start/Stop Cycle Test results establishing unlimited start/stops. 
4 Field Reliability Experience 
Reliability has also been proven empirically in an extremely wide range of vehicles, 
applications and geographies [1].  In material handling and fleet vehicles a wide range of 
alpha followed by beta prototypes have been realized, which help evaluate and seed future 
markets, establish certification measures, validate the technology, provide maintenance data 
and experience and feed back into product improvements.  The first alpha prototype demos 
from Hydrogenics were in 2005, and currently more than 60 forklifts are operating with HyPM 
fuel cells in real commercial service in North America and Europe [2-4]. 
In transit bus applications progress beyond 10 000 hours of expected stack lifetime is 
necessary, with cost reduction – which is largely but not entirely tied to the volume of 
production.  Stack cost reduction, eventually leading to a tolerable frequency of stack 
renewal will allow feasibility of exchanging stacks in the system’s lifetime to achieve the 
40 000 h or 50 000 h typical of diesel engines in commercial vehicle today.  Diesel-Hybrid 
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and CNG-Hybrid developments are paving the way for adding Fuel Cells to the Hybrids.  
Fuel Cell Plug-in scenarios may also play a significant role. 
In stationary power Hydrogenics HyPM XR FCPM’s are commercialized in the Datacenter [5] 
and Telecom UPS [6,7] sectors and the Data center configuration assembled with HD Long-
Life stack technology is finding its place in standby prime power for renewable energy 
applications. 
References 
[1] Hickham Air Force Base: Fuel Cell Vehicles: Early Implementation Experience, 
Technical Report, NREL/TP-560-42233, Leslie Eudy, National Renewable Energy 
Laboratory, Kevin Chandler, Battelle, October 2007, 
http://www.nrel.gov/hydrogen/pdfs/42233.pdf  
[2] Hamburg Sagt „Ja“ zum Wasserstoff (Hamburg says „Yes“ to Hydrogen), Annual report 
2009 Hamburg Airport: 
http://www.airport.de/resources/downloads/GB_2009_web(5).pdf  Page 39 (PDF Page 
22). 
[3] Linde MH liefert erste Stapler mit Brennstoffzelle aus (Linde MH deliveres the first 
Forklifts with Fuel Cells), Press Release 20.01.2010: http://www.linde-
mh.de/de/countrysite/news_infoservice_1/newspressedetails_1216.html 
[4] Linde Material Handling stellt ersten alltagstauglichen Brennstoffzellengabelstapler vor 
(Linde Material Handling presents the first everyday-suited Fuel Cell Forklifts), Press 
Article, May 2010: http://www.linde-
mh.de/de/countrysite/news_infoservice_1/newsinfos.html 
[5] APC Announces Next Generation Fuel Cell Product for Data Centers, Press Release, 
August 19, 2008 http://www.apc.com/site/press_center/index.cfm/apc-announces-next-
generation-fuel-cell-product-for-data-centers/  
[6] Andrew Fuel Cell Outdoor Cabinets, Product Website, 
http://www.commscope.com/andrew/eng/product/cabinet_enclosure/pbuc/1207153_17
208.html  
[7] Fuel Cell Technology: An Emerging Solution for Back-Up Power to Replace or 
Supplement the Traditional Solutions, Paper INTELEC 2010, R Szasz, MTS Allstream; 
J Lemos, Hydrogenics 
138 Proceedings WHEC2010
